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Abstract 
Identification of natural vibration properties of bone structure in macro and micro levels is important because of increasingly 
vibration inclusion of current methods in recognition and treatment of bone diseases. In this scope, results which are obtained 
from non-destructive reverse engineering approaches are crucial especially in living tissue studies. The results may differ from 
each other because of the multi-staged methods and differences in constituted models due to the redundancy of options. 
In this paper, effect of differences due to the slice intensity on natural vibration analysis results by using constant resolution 
Micro-Computational  tomography (Micro-CT) data of L3 vertebrae in voxel based finite element models are investigated. In 
addition to this investigation, another approach which is different from classic approach where non-cubic voxel based finite 
elements can be generated and only about the effect of slice thickness and cubic voxels is improved. The results obtained from 
the study show that solutions of proposed model are more conservative than the results of voxel based finite element (V-FEM) 
and these results are purified from the effects of element aspect ratio 
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1. Introduction 
In this day and age,  it becomes difficult to seperate reverse engineering methods and non-destructive 
investigation and imaging methods from each other for different problem types. CT and MRI (Magnetic resonance 
imaging) imaging technics are used for not only imaging the internal structure of the matter but also generating the 
mechanical models with all details. These generated models are frequently used for modeling the mechanical 
properties of living tissues which can not be subjected to mechanical experiments. In this scope, vibration 
applications that are often used in diagnosis and treatment steps are significant. Natural frequency of the structure 
shall be known to perform the vibration applications. Determination of natural frequencies of bones is investigated 
in many studies for macro [1-4] and micro [5] scale. Roberts et al. [6] settled that the validation of a non-invasive 
mechanical measurement of bone by comparison to real values. Finite element methods are frequently used for 
modeling the organic structures and studies are continued to improve the efficiency of models. FE results of 
Young’s Modulus were previously declared to be intensely affected by the threshold procedure implemented for 
segmentation of CT data to acquire the FE mesh Hara et al. [7]. Large review of the studies that through a combined 
use of finite element method and mechano-regulation algorithms described the possible patterns of tissue 
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differentiation in biomimetic scaffolds for bone tissue engineering is given in [8]. Reconstruction procedures 
combining with FEM need rapid and strong software and hardware configurations. Within this scope, review study 
of Soenke at al. [9] is quite informative. 
It is hard to generate the simulated structure properly and using reverse engineering methods with non-destructive 
imaging ones are different from each other and not easy because of considering many assumptions at the same time. 
Altintas [5] puts forward in his theoretical study that slice thickness can change not only the frequency values of 
natural vibration modes but placement and strucure of the modes. In this study, effects of slice thickness on natural 
frequency are investigated and analyses are performed according to voxel based finite element method (MV-FEM) 
which is generated as an alternative of classical voxel based finite element method (V-FEM). Also, suggestions and 
comparisions between models are proposed. 
2. Material Method 
The processed Micro-CT data set contains 349 slices and the region of interest area is 100x100 pixel size. To 
determine the bone structure, threshold range from 130 to 255 of was used where the grayscale pixel values were 
linearly scaled to cover the range from 0 to 255.   
 
 
Fig. 1. micro-ct images to finite element model 
3. Results 
Detail images of model geometries shall be known to understand the results better. Models which are obtained by 
Classical Voxel based finite method (V-FEM) and voxel based models that are modified by protecting element 
aspect ratio (MV-FEM) are given in Table 1. Although, surface area and volume values are equal for models which 
have the same step changing ranges and are obtained by two different methods, nodal points of them are different. 
Because of this reason, analysis time of models designed by MV-FEM is longer than models designed by V-FEM. 
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Table 1. An example of a table 
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However, effect of element aspect ratio on results in models according to MV-FEM is lower than according to V-
FEM. Aspect ratio of models is protected as 1 and height of voxel does not exceed side length of pixel regardless of 
slice thickness according to MV-FEM approach. On the other hand, aspect ratio value moves away from 1 according 
to slice thickness increment in models according to V-FEM. 
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Fig. 2. comparison between v-fem and mv-fem models 
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When natural vibration modes are evaluated for the same step changing range, natural vibration frequency values 
according to MV-FEM models are lower than V-FEM models for each mode. The difference between models 
decreases in low modes and the results between two approaches get away from each other when mode numbers 
increase. Outer geometry and masses are equal for the approaches but due to the differences between member 
numbers and aspect ratios of them, it is considered that the effect of member aspect ratio and member numbers on 
results in high modes is higher. 
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Fig. 3. natural frequency values of v-fem and mv-fem models for slice thickness 
 
Frequency values of natural vibration modes according to slice thickness for both procedures are shown in Fig. 3. 
When tendency of the curves are investigated, it is seen that obtained values by MV-FEM model are more stable. 
While frequency curves for different slice thicknesses according to V-FEM model cut each other, there is no 
situation observed according to modes for MV-FEM model. Moreover, values for different slice thicknesses 
separate from each other for high modes. This case is especially seen for MV-FEM approach. Theoretically, the 
model which is accepted as the accurate one for the smallest slice thickness according to V-FEM and MV-FEM is 
same and the results stay between the curves obtained from related models. In other words, it is not possible to say 
that there is a simple rule for increase of slice thickness and change of natural frequencies. 
4. Conclusions 
In this paper, effect of micro-ct slice thickness on frequency values of natural vibration mode is investigated 
according to two different methods. Natural vibration modes depending on slice thickness change differ from each 
other and these differences are bigger for high modes. This situation is observed for the results of both methods. 
Change of slice thickness does not only change the member size and number in MV-FEM and member aspect 
ratio and member number in V-FEM, but also some connections and regions disappear and non-existing connections 
become apparent. This is why, it is hard to talk about stability of the results. Effect of slice thickness change on 
micro architectural details is given in study of Altintas [5] according to solutions of V-FEM methods extensively. 
The results according to MV-FEM method which is suggested in this paper are usually more stable and it is easier to 
distinguish the finite elements parameters in results. 
In this study, a new approach is proposed to deal with the data in a different way addition to frequency values 
according to finite element models by using CT data of slice intensity. Thus, a new option is presented for scientists 
who are interested in this topic to use their studies. 
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